The last 10 years has seen the increased use of enhanced recovery pathways across several surgical specialities. A prerequisite of enhanced recovery is the ability to mobilise patients early. This is dependent upon good postoperative pain control. A number of different techniques have been employed in joint replacement surgery to address this issue. This paper focuses upon the current evidence for local infiltration anaesthesia.
Introduction
The last decade has seen the growing use of enhanced recovery pathways (also known as "fast-track," "rapid recovery," and "accelerated rehabilitation") across several surgical specialities including orthopaedics. Such techniques, originally described in colorectal surgery, have been shown to both improve patient care and reduce length of stay in general populations undergoing surgery [1] [2] [3] [4] . This has huge implications in terms of health care savings.
These pathways focus on optimising every aspect of the patient's journey, promoting the patient as an active participant in their own recovery process and rehabilitation. They involve a multidisciplinary, evidence-based approach and focus on patient education in addition to surgical and anaesthetic techniques [1] . At the core of enhanced recovery is the ability to mobilise patients early. Effective perioperative analgesia is thus an essential component of any enhanced recovery pathway and starts with the choice of anaesthetic. There has been a shift towards the use of regional anaesthesia over general anaesthesia in joint replacement surgery [5] . Whilst general anaesthesia has a lower incidence of hypotension postoperatively, regional anaesthesia is not only associated with reduced nausea postoperatively but may also have the additional benefit of a reduced risk of deep vein thrombosis, pulmonary embolus, myocardial infarction, pneumonia, and delirium [6] [7] [8] [9] [10] . However, this remains an area in which further research is needed. Postoperatively the use of standardised analgesic ladders has been seen to be effective in reducing excessive or inappropriate opiate consumption again aiding early mobilisation.
In order to optimise pain control in the early postoperative period, a number of adjuncts have been tried. These include peripheral nerve blocks (e.g., femoral, combined femoral and sciatic, and lumbar plexus blocks) and local anaesthetic infiltration to the joint or the wound. These techniques may involve single administration of local anaesthetic (possibly combined with other analgesic agents) or continuous infusion/bolus for 24 to 48 hours postoperatively. Variable results have been reported [5, [11] [12] [13] [14] . For the purpose of this paper we intend to focus solely on the role of local anaesthetic infiltration in hip and knee replacement surgery. Following a current literature search of the Pubmed and Cochrane databases using the search terms "hip replacement," "hip arthroplasty," "knee replacement," "knee arthroplasty," and "local anaesthetic," English language randomised controlled trials were identified from the literature (Tables 1 and 2) .
The drive to develop safe and effective opioid-sparing analgesic regimens whilst avoiding the potential complications of peripheral nerve blocks [33] has resulted in increased focus upon the role of local anaesthetic infiltration in joint 2 ISRN Anesthesiology replacement surgery. This is a technique that has been developed in part by Kohan and Kerr in Sydney, Australia, and involves the infiltration of the surgical site with a high volume of a long-acting local anaesthetic agent (+/− analgesic agents) with adrenaline [15, 34] . Theoretically, it seems logical to block the pain signal at the site of nociceptive stimulus, that is, the surgical site [35] . This technique has the additional benefits of being simple with a low side effect profile.
There is a growing body of evidence to support the use of local infiltration techniques. Whilst early reports often consisted of case series, the last five years has seen a growing number of randomised controlled trials [14, [16] [17] [18] [19] [20] [21] [22] [23] [24] 36] . The majority advocate the use of local infiltration in knee replacement surgery with more limited evidence supporting its use during hip replacement. Most studies observed a reduction in early postoperative pain and opiate use, along with a tendency towards reduced length of stay, without an increased risk of complications. Most studies use a multimodal infiltration approach in which the use of a high volume of longacting local anaesthetic agent, typically ropivacaine (longer acting than bupivacaine with less cardiac and central nervous system toxicity) is combined with analgesics (NSAIDs and/or opiates) and adrenaline. The use of adrenaline is thought to improve the efficacy of the local anaesthetic and reduces the toxicity, by helping to keep it localised to the injection site. The addition of opiates targets the opioid receptors activated as a result of the surgical trauma [37] , and nonsteroidal anti-inflammatory drugs (NSAIDs) also help to reduce local production of inflammatory mediators both acting as adjuncts to the local anaesthetic.
Busch et al. [17] performed a prospective, blinded, randomized, controlled trial on 64 patients undergoing unilateral knee replacement surgery. Patients were randomized to receive either a multimodal infiltration consisting of ropivacaine, ketorolac, epimorphine, and adrenaline or no injection. In the study group they observed a significant reduction in patient controlled analgesic use over the first 24 hours and improved patient satisfaction. However, no difference in range of motion or length of stay was observed. No adverse events were observed in the study group.
Anderson et al. [16] undertook a prospective randomised, double-blind, controlled trial to investigate the effect of local infiltration followed by continuous intraarticular infusion for 24 hours postoperatively in 37 patients undergoing hip replacement surgery. The study group received local infiltration of ropivacaine, ketorolac, and adrenaline followed by an intra-articular infusion of the same three drugs for 24 hours postoperatively. The control group received saline solution in equal volumes to the study group. The study group reported less pain for the first 2 weeks postoperatively and reduced breakthrough analgesic requirements. This was associated with significantly less joint stiffness and better physical function, but whilst there was a trend towards earlier discharge in the study group, this was not statistically significant. Again, no adverse events were reported in the study group.
However, there are several drawbacks to both these studies and others looking at the role of local anaesthetic infiltration in joint replacement surgery. The sample sizes involved are relatively small, and power analysis was seldom performed. Thus they should be interpreted with caution (Tables 1 and 2 ). This is especially the case in the nonblinded studies where observational bias may play a role. It also makes drawing negative conclusions difficult, such as "no adverse events," "no reduction in length of stay," or "no increased risk of infection" as large study groups are often required to make such observations. In addition, the use of different multimodal anaesthetic regimens and different end points makes comparisons across studies difficult. Thus whilst the growing body of evidence seems to support a role for the routine use of local anaesthetic agents in joint replacement surgery as part of a multimodal infiltration technique, a number of questions remain unclear.
Single Dose or Continuous Infusion?
Whilst Busch et al. [17] observed good outcomes using the single infiltration technique other studies have not supported this. Krenzel et al. [20] did not observe any additional benefit beyond 12 hours with a posterior capsular injection of ropivacaine during total knee arthroplasty (with CFNB) when compared with injection of saline. However, these differences may be as a result of the fact that Krenzel et al. [20] used only ropivacaine and infiltrated the posterior capsule alone. These observations may also support the important role of the other drugs used as part of the multimodal infiltration technique.
Concerns regarding the length of duration of action of the local anaesthetic agents have resulted in the use of continuous intra-articular infusions following local infiltration in hip and knee replacement surgery. The rationale being to maximise the benefit of postoperative pain relief in the early post operative period. This technique involves catheter placement by the surgeon at the end of the operation under aseptic conditions and the use of bacterial filters and closed infusion systems [18] .
There are now a number of randomised controlled trials supporting the use of the high-volume infiltration combined with intra-articular infusion or further bolus dose [16, 18, 19, 21, 22] . However not all studies support the use of additional bolus doses or infusions [23, 24] . The lack of any significant benefit observed by Chen et al. [23] may be due to the use of bupivacaine rather than ropivacaine. The increased cardiac and CNS toxicity of the former means lower doses must be used. Again, it may also reflect the synergistic action of the other drugs used as part of the multimodal infiltration technique. This is an area that requires further research.
Whilst none of the studies to date are of sufficient sample size to detect a significant difference in infection rates with the use of intra-articular catheters, similar catheter techniques are employed during epidural analgesia for postoperative pain relief in other types of surgery (e.g., abdominal), and infection does not appear to be an issue.
What Is the Optimal Infiltration Site?
One of the next stages in the evolution of local infiltration techniques is to try and identify the optimum site of administration of the local anaesthetic. In their randomised study Andersen et al. [36] observed no difference between the use of intracapsular catheters or intra-articular catheters in total knee arthroplasty with ropivacaine infusion. In a randomised, placebo-controlled, double-blind trial investigating the role of subcutaneous wound infiltration (all patients received high volume local infiltration to the deeper layers), the same authors reported a significant reduction in both 6 ISRN Anesthesiology static and dynamic pain scores at 24 hours in the group that received intraoperative subcutaneous infiltration [24] . However, bolus administration through a subcutaneously placed catheter at 24 hours was ineffective. These observations support their previously published observations of a tendency (not statistically significant) towards improved pain relief with the addition of local anesthetic in the extraarticular wound space [25] .
What Is the Most Effective Dose?
The use of ropivacaine instead of bupivacaine enables larger doses of local anaesthetic to be delivered to the joint and the surrounding tissues whilst minimising the risk of toxicity. The addition of adrenaline as part of the multimodal infiltration technique also enables higher doses of local anaesthetic to be used and may also potentiate the duration of action of the local anaesthetic by slowing its release into the vascular system. Only 2 studies were identified in which plasma ropivacaine levels were measured [14, 17] . This gave a combined total of 27 patients. Whilst this number is small, all patients remained below toxic levels.
There are no studies to date looking at the optimal doses for infiltration or infusion/bolus. In general, all of the studies identified adopted a standardised LIA regimen for all patients rather than tailoring doses to individual weights. It is possible that by matching ropivacaine dose to the individual a better response can be achieved. In addition, in the future the use of sustained-release local anaesthetics may negate the need for intra-articular catheters [38] .
Local Infiltration versus Epidural
Continuous epidural analgesia following hip and knee arthroplasty is an effective method of providing predictable and reliable pain relief in the early postoperative period. However, it is technically demanding and time-consuming and may be associated with an array of side effects that include urinary retention, hypotension, headache, motor blockade, and nausea, all of which may result in delayed mobilisation.
The appeal of local infiltration techniques lies with the fact that they are inexpensive and relatively easy to perform, and have few side effects. Whilst we have reviewed the evidence for the use of such techniques when compared to a placebo (in which one may expect the LIA to perform better), the question remains as to how they compare to epidural infusion.
There have been several studies to date comparing the use of local infiltration techniques to epidural infusion [26] [27] [28] [29] . All of these support the use of local infiltration showing equal or better pain relief, earlier mobilisation, and reduced length of stay when compared to epidural infusion. However, as there is no clearly defined gold standard epidural regimen, these results should be interpreted with caution. This is a fact acknowledged by Andersen et al. in their randomised controlled trial of patients undergoing total knee arthroplasty [28] .
Local Infiltration versus Peripheral Nerve Block
In many institutions femoral nerve block forms part of the standard postoperative pain relief protocols following total knee arthroplasty [30, 39] . So how does local infiltration compare to this? There is little published in the literature comparing these two analgesic modalities. Whilst Toftdahl et al. [30] observed lower pain scores and opioid consumption with earlier mobilisation with inta-articular infiltration in their randomized trial, Carli et al. [31] observed the opposite, concluding that femoral nerve block was the most effective modality. In their randomized trial, Affas et al. [32] observed no significant difference in either pain intensity in the first 24 hours, or opiate consumption, between local infiltration anaesthesia and continuous femoral block. They postulated, however, that LIA may be considered to be superior to femoral nerve block due to the fact that it is both cheaper and less technically demanding. However, it should be noted that in their study Toftdahl et al. [30] observed a couple of adverse events in the LIA group, again highlighting that further research is needed in this area. Also, as with the studies on epidural anaesthesia what constitutes a femoral nerve block varies between studies making comparisons difficult.
Summary
There is a growing body of evidence to support the use of local infiltration anaesthesia as part of enhanced recovery pathways in patients undergoing knee replacement surgery. The evidence for its role in hip replacement surgery is less compelling. Despite the growing body of literature, there remain many unanswered questions. These observations are also supported by the recent review by Kehlet and Andersen [40] which approaches the same subject from a different perspective. Different patients have different responses to analgesia due to their preoperative response to pain [41] . This can be predicted by using preoperative pain tests. The solution may be to use these tests to customise the analgesia for each patient and so achieve enhanced recovery. The goal should be to use the minimum dose for every patient (based on both weight and pain response). This is the area further research needs to focus upon.
Future research should also focus upon standardisation of outcome measures so that different analgesic approaches can be more easily compared. Cost analysis should also be looked at.
